The purpose of this study is to analize the vibration response of spacecraft structures, especially lightweight rigid panels, such as solar array paddles and antennas, when excited by a low frequency acoustic noise field. First, the direct loading pressure on a structure in a random sound field is derived and a response calculation method using FEM is proposed. Second, the derivation of the direct loading pressure to the structure is experimentally verified in the steadystate sound pressure field, using a honeycomb panel whose edge was bolted to a stand. Finally, the experimental results of the acceleration responses of the panel in the random sound field are found to agree with the simulation results of the proposed calculation method. The simulation results of the usual frequency response method contain a high degree of error compared with the results of the new method. This method is applied to a practical antenna panel, and the results of the simulation agree with the acoustic test.
Introduction
Because the solar array paddles and antennas of spacecraft have become larger and lighter recently, the acoustic loading vibration of these structures has become a design problem: the natural frequency has become lower, and the amplitude has become bigger.
The finite element method ( FEM) is a powerful tool for analizing the vibration stress of the support of the structure.
[Jsually, statistical energy analysis ( SE.A)l or the power flow finite element method (PFFEM )2 are used to solve acoustic loading vibration problems, because they are good at broad frequency band analysis, and they can deal with many modes within the frequency band.
However it is difficult to solve the details of the structural the stresses of each part, therefore, designers must estimate the acoustic loading vibration stress by FEM, calculat ing the force of each element according to the acoustic pressure and the element area.
and by assuming that each force of the element is equally phased.
As the impedance of the structure becomes very small in the low frequency band and its value becomes to similar to the impedance of air, the interaction of sound and vibration will occurr and so the acoustic pressure near the structure will be different from one distant from the structure.3 The spatial correlation of each part of the diffused sound pressure field has already been derived. 4-6 The vibration responses can be derived from this spatial distribution of the sound pressure using the power spectrum density (PSD).
In this paper, first I derive the variation of the acoustic pressures near the structure in the low frequency band. Second, I show the acoustic loading vibration analysis by FEM considering the spatial correlation of the diffused sound pressure field, and compare the calculation and experiment. It is found that the proposed method is more accurate than the method usually used by designers.
Analysis
The analysis method was derived using these conditions,
(1) In the experiment, the echoic room was very large compared with the structure, and the acoustic field was diffused.
(2) The acoustic radiation efficiency was smaller than 1, and the sound pressure field 'except near the structure, did not change whether the structure was present or not.
In"the diffused sound pressure field, the forces of each point satisfy a random process.7
All the PSD of the sound pressure distant from the structure can be equally defined as 
where, k is the wave number of sound, and 1~1is the distance between point i and point .
The particle velocity of the sound at the boundary between the structure and air is equal to the velocity of the structure, and, sound pressure near the structure arises corresponding to the particle velocity. 9 This phenomenon does not depend on whether the sound pressure field is diffused or not. By equalizing the pressure, the structural vibration velocity Uk(,f) can be expressed as,
where. Pk(~) is the sound pressure with no structure at point k, pk(~) is the sound pressure near the structure at point k, p is the density of the air, and c is the speed of sound. By using modal analysis, when the number of finite elements is 1, the number of structural vibration modes is l?, ancl the sound pressure at point i is
where, #r, is the rth mode of the structure at point i, AA, is the equalized area at point i, z,(f) is the impedance of the structure, m, is the modal mass, f, is the natural frequency, and qr is the loss factor of the rth mode of the structure. Equations (2) and (3) derive the relation of pi(f) and Pt(f )like this,
where, the element of [Xij]'1 is
where ti~l is Kronecker's delta. From these equations it follows level near the structure may be different from one distant from (5) ( 6) that the sound pressure the structure, when the structural impedance becomes smaller than the acoustic impedance. By calculating equa%ions (I) and (.5), the real part of the cross PSD Re~,(~)pJ( f )*] by equation (,5) , is derived to,~e
k=l 1=1 When the structure is loaded by the sound pressure expressed by equation (7), PSD t$'k(.f) of the vibration at point k is, For the algorithm of the numerical calculation, we first obtain the rnoclal parameter from the FEM calculation or experiments, second calculate the impedance of the structure, (.5), then derive the cross PSD of equation (7)1 and finally input it to equation (8). Before this algorithm was applied to the design calculation, the vibration was calculated under the condition that PO(f) was defined as p, ( f), and the all sound wave phases of the between each point were the same.
Test panel and pre-examinat ion
The test panel is a honeycomb panel, whose specification is shown in Table 1 . It was fixecl with 2 bolts to a heavy jig. Figure 1 shows the number of grids of the finite element analysis. To survey the modeling of the calculation, a modal test was applied to the test panel using a moving coil shaker. Figure 2 shows a 1st to 3rd mode comparison between the calculation and the test. The modal shapes and natural frequencies were Figure 10 shows the mean value of Figure   9 every 10 Hz. These results show that the proposed method is more accurate than the previous met hod. 
Example for a practical panel

Conclusion
The acoustic loading structure responses at low frequencies were studied, and the following conclusions were made.
(1) A calculation method considering the change of the SPL near the structure and the spatial correlation was derived. 
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